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Abstract 
Hydrogen trap states by carbide in steel are investigated by ab-initio calculation 
and FEM. The most effective trap site of TiC precipitate is the coherent interface, 
and its trap energy is 58kJ/mol. It corresponds to 3DAP observations and TDA 
measurements. The carbon vacancies in bulk V4C3 precipitate are not effective trap 
site because of the high diffusion barrier and the carbon vacancies or misfit 
dislocations at coherent interface are suggested to be the effective trap site, 
considering the observation result of 3DAP. The strain fields around their coherent 
precipitate are weak trap sites. Interstitial sites in cementite are not effective trap 
sites ether because of the high diffusion barrier, but its interface is trap site which 
corresponds to the TDA peak at lower temperature. The calculation schemes are 
studied to predict the macroscopic distribution of hydrogen in steel containing 
various defects heterogeneously. The local thermal equilibrium is realized in usual 
cases except the case of very rapid temperature change. It was suggested that the 
layered austenite with random direction in ferrite is more effective for the diffusion 






















は最大 15kJ/mol であることが分かった。同様の計算から TiC 析出物の整合歪みによるトラ
ップエネルギは最大 29kJ/mol であり、いずれも大きくはない。 
炭化物中の格子間位置および炭素空孔での水素トラップ状態を第一原理計算により解析
した。格子間位置はTiC、V4C3共に、フェライト中に比べて不安定であり、それぞれ58kJ/mol、









































高い TDA の高温ピークが現れると考えられる。 
Table  Relative energy of hydrogen in superlattice and ferrite, and zeropoint energy 
at each sites.  
site cementite interface1 interface2 ferrite 
Relative energy / kJ･mol-1 -40.8 -47.4 -5.5 0.0 
 
粒界の大きさや転位量が異なる場合の鋼中に転位と粒界への水素のトラップ量を、熱平
 V4C3 TiC 
Coherent strain < 15 <29 
Interstitial site -106 -58 
C vacancy 116 125 
Coherent interface -6 48 
 
Table 
Trap energy of 
hydrogen by V4C3 
and TiC in bcc-Fe. 





















Fig.  Time dependence of total flux. Right figures are schematic diagram of 
austenite in ferrite. Gray rectangles are austenite. 
 
 
４．結言 
鋼中の炭化物 TiC、V4C3、セメンタイトの水素トラップ状態を解析し、実験とほぼ対応
する結果を得たが、より正確なトラップ状態の解析には、非整合界面などの複雑な構造の
計算がさらに必要である。また、欠陥の量や空間分布の情報から、粒界水素量を予測する
際の課題を検討し、不均一性の応用技術に繋ぐことができた。 
 
 
 

